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ABSTRACT 

We have observed the supernova remnant (SNR) G290. 1-0.8 in the 21-cm Hi line 
and the 20-cm radio continuum using the Australia Telescope Compact Array (ATCA). 
The Hi data were combined with data from the Southern Galactic Plane Survey to 
recover the shortest spatial frequencies. In contrast, Hi absorption was analyzed by 
filtering extended Hi emission, with spatial frequencies shorter than 1.1 kA. The low- 
resolution ATCA radio continuum image of the remnant shows considerable internal 
structure, resembling a network of filaments across its 13 arcmin diameter. A high- 
resolution ATCA radio continuum image was also constructed to study the small scale 
structure in the SNR. It shows that there are no structures smaller than ~ 17^', except 
perhaps for a bright knot to the south, which is probably an unrelated object. The 
H I absorption study shows that the gas distribution and kinematics in front of SNR 
G290. 1-0.8 are complex. We estimate that the SNR probably lies in the Carina arm, 
at a distance 7 (±1) kpc. In addition, we have studied nearby sources in the observed 
field using archival multiwavelength data to determine their characteristics. 
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1 INTRODUCTION 

The superno va remnant (SNR) G290 . 1-0.8 was originally 
discovered bv lMills. Slee HilJ (|l96lh in their survey of ra- 
dio sources and named MSH ll-6iA. It was first recognised 
as an SNR by Kesteven (1967J. Based on observations at 
408 MHz dkesteve n Ca swell 1987) and at 5 and 8 GHz 
(jMilne et 31111989^ , iGreenI 19961) classified the remnant as 
shell- type with an angular size of 15' x 10^ a flux density S 
of 40 Jy at 1 GHz, a nd a spectral index a {S oc u^) of -0.4. 
IWhiteoa k Green (1996) observed this SNR at 843 MHz 
with the Molonglo telescope and found considerable com- 
plex internal structure rather than the well-defined annular 
brig htness distr i butio n typical of shell SNRs. 

iGosseTaO dilTi) observed the SNR in H i with a spec- 
tral resolution of 2 km s~^ using the Parkes radiotelescope. 
Their spectrum shows H i emission in three broad peaks near 
-20, -10 and +25 km s~^, appearing to extend to +50 km 
s~^. From the absorption spectrum they assigned a lower 
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distance limit of 3.6 kpc (the tangent point using the ear- 
lier mo del of Rc:) = 1 kpc) to the SNR. In a contemporary 
claimed the SNR was at the tangent 
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point but with little convincing evidence. 

The optical counterpart to the radio SNR was discov- 
ere d virtually simult aneously bv lKirshner Winkled (^T^) 
and E lhott MalinI ([1979). Both papers concluded that the 
remnant was much olde r and much further away than as- 
sumed by IPickeJ ()l973f) and estimated the distance to be 
12 to 15 kpc. More recently, 'Rosad o et al.l (|l996^ studied 
the kinematics of G290. 1-0.8 based on Ha observations and 
concluded that the kinematic velocity of the SNR is +12 km 
s~^. However, the authors note the high complexity of the 
Ha emission along the line of sight to the remnant. 

ISewardI (Il99(tl detected the SNR in X-rays as part of 
his comprehensive survey of Galactic SNRs. Although the 
X-ray morphology shows some similarity to the radio shape, 
the emission is strongly peaked towards the centre. For this 
reason, Seward classifies the remnant as filled- c entre in con- 
trast t o the radio classification as a clumpy shell. Is lane et al.l 
(|2002l) analyzed Advanced Satellite for Cosmology and As- 
trophysics (ASCA) observations of G290. 1-0.8 and found 
that the X-ray emission is of thermal origin. Therefore, 
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this remnant should be classified as a "mixed- morphology" 
SNR, which are shell-like in radio wavelengths a nd centrall y 
peaked in thermal X-ray emission fe. ^ e^.lRho Petrelll998 l. 
With such a model, Slane et alJ (120021 ) estimate that the 
distance to G290. 1-0.8 must be in the range 8-11 kpc, while 
the age should be between 10-20 kyr. 

Shaver & Goss ( 1970a, b) published images of the rem- 
nant at 408 and 5000 MHz in a field containing two other 
strong sources, G289.9-0.8 and G290.4-0.9. The first of 
these sources has a thermal spectrum and they classified the 
second as extragalactic based on its spectral index and the 
fact that it was unresolved using a 3^ beam. Dickel & Milne 
classified G289.9-0.8 as an Hii region based on a 
detection of a recombination line with a v elocity of +5 km 
s~^ an d assigned a distance of 7.5 kpc to it. lGrabelskv et all 
("1988^ observed a CO cloud at / = 289? 3, 6 = -0?6 with a 
velocity of +22 km s~^ to which they assign a distance of 7.9 
kpc. Other H 11 regions in this vicinity have similar velocities 
and m ay be associated with the CO cloud. iGrabelskv et al.l 
(|l988f) comment that the SNR is 'seen close to a small CO 
peak'. IRAS and MSX images in this region show the H 11 re- 
gion G289.9-0.8 very clearly but little or no infra-red emis- 
sion is seen fro m the SNR. As seen in the IShaver Gosj 
(Il970ari and the IGrabelskv et al.1 ()l988f) images, there is an 
extended and complex region around / = 290° consisting of 
many H II regions and CO clouds which are clearly beyond 
the solar circle at a kinematic velocity of 22 km s~^. The 
SNR is located in the middle of this complex but there is no 
evidence of association. 

Three pulsar s lie in the vicinity of G290. 1-0.8. Both 
PSR J1103- 6025 (Kramer et al. 2003) and PSR J1104-6103 
(|KasDi et al.ikl99 6) have characteristic ages greater than one 
Myr and are located well outside the bou ndaries of the SNR . 
Of more interest is PSR J1105-6107 

a rapidly rotating pulsar with a characteristic age of only 
63 kyr. Its dispersion measure is 271 cm~^pc, which im- 
plies a distance of 7 kpc, although the pulsar is located 
over 2 remnant radii away from SNR G290. 1-0.8. Taking 
the age and distance at face value, and assuming the pul- 
sar was born in the same event which produced the SNR, 
it would then need an average velocity of ~700 km s~^ to 
reach the cu rrent position. This is high, although not im- 
possible (e.g.lChatterjee et"Zll200.^ .ISl ane et al.l (l20ol and 
IJohnston ^, Weisberg ('2006*) suggest that PSR Jl 105-6107 
is not likely to be associated with the remnant. 

In this paper we present new high resolution H I line and 
20-cm radio continuum observations towards G290. 1-0.8 to 
understand more about this SNR and its environment. 



2 OBSERVATIONS AND DATA REDUCTION 

Simultaneous Hi line and 20-cm radio continuum observa- 
tions were carried out with the 1.5C and 750C configurations 
of the Australia Telescope Compact Array (ATCA) on 1995 
May 16 and June 1, respectively. Both observations were of 
14 hr duration. With these configurations combined, there 
are 20 baselines ranging from 46 to 1480 m and an additional 
10 baselines between 2000 and 5000 m. The phase centre 
was at (J2000) RA = 11^03™24!0, Decl.= -60° 56' llVO. 
The primary beam has a FWHM of 33' at 1400 MHz. The 
Hi measurements were centred at 1421 MHz using a 4 MHz 



bandwidth which was divided into 1024 channels. The ve- 
locity resolution is 1 km s~^. The radio continuum measure- 
ments were centred at 1384 MHz using a bandwidth of 128 
MHz. The data r eduction was carried out with the miriad 
software package (j^ault, Teuben <^ Wrig;ht|l99.^ using stan- 
dard procedures. The primary flux and bandpass calibrator 
was PKS 1934-638, while PKS 1036-697 and PKS 1215-457 
were used for phase calibration. 

2.1 Radio continuum data 

A low- resolution radio continuum image was constructed us- 
ing all visibilities corresponding to baselines shorter than 
1480 m. The data were Fourier-transformed with 'uniform' 
weighting to minimize sidelobe levels. Compact sources were 
cleaned first, and then the residual image was used to find 
the clean components corresponding to diffuse emission. All 
clean components were finally convolved with a beam of 
25'' X 23'', with a position angle (P. A.) of -47°. The fi- 
nal image, shown in Figure 1, has an rms noise level of 1 
mjy beam""*^. 

We also made a high resolution image of this region 
using only the visibilities from 12.5 to 24 kA (baselines from 
2.6 to 5 km). In this u-v data set, structures larger than 
~ 17" are filtered out, and we find that virtually all the 
emission from the SNR is resolved out. All continuum images 
were corrected for the primary beam response. 

Using the capability of ATCA to measure simultane- 
ously continuum emission from two orthogonal linear polar- 
izations, we constructed images of the Stokes parameters Q 
and U. No polarized emission was detected, and we do not 
discuss this further. 



2.2 Hi line data 

To construct the Hi cube, the continuum component was 
subtracted in the Fourier domain by fitting a linear baseline 
to 700 line-free channels. The data were Fourier-transformed 
using 'natural' weighting, cleaned and restored with a syn- 
thesized beam of 58" x 45", P.A.= —86°. A sensitivity of ~ 5 
mJy beam~^ was achieved in line free channels. To recover 
structures at shorter spatial frequencies, the ATCA H I data 
were combined in the u-v plane with data from the So uth- 
ern G alactic Plane Survey fSGPS: McClure-Griffiths et^all 
120051) . The latter combinies Parkes and ATCA Hi observa- 
tions. No tapering was applied to the lower resolution cube. 
The line-free channels from the combined H i data set have 
an rms of ~2 K. 

For the absorption study , a second H i cube was con- 
structed using the metho d inlRevnoso et al.l (12004 which 
is described in detail in IPickev e^iLn|2003) . In this sec- 
ond cube, the continuum was not subtracted and all base- 
lines shorter than 1.1 kA were removed. The result is that 
all Hi structures larger than 3.5' are filtered out. Since 
the continuum emission from G290. 1-0.8 is dominated by 
smooth, extended structures, much of the continuum flux is 
also filtered out. However, the Hi absorption features can 
still be easily seen towards the brightest structures. To de- 
convolve the data, the compact features were cleaned out 
and a cube with the residuals was obtained. This cube was 
further cleaned in a second stage. All clean components were 
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Figure 1. Radio continuum image of SNR G290. 1-0.8 at 1384 
MHz as obtained with the ATCA. The flux density scale, in units 
of mJy beam"-*^, is displayed at the top of the image. The HPBW, 
25(^0 X 22(^5, P. A. =-47°, is indicated in the bottom right corner. 
The rms noise level is ~ 1 mJy beam"-*^. Letters A to H indicate 
the compact sources discussed in the text. The two grey lines la- 
beled as NE-SW and N-S (both interrupted at the SNR location) 
show the directions and extent of the two cuts in Fig. 2. 

restored with a 25'' x 23'' beam, with P. A. =-79°. A filtered 
continuum image was constructed by averaging several line- 
free channels in the cube, and this was used to weight the 
final data cube. Absorption spectra can be computed by 
dividing the spectrum by the square of the integrated con- 
tinuum flux from the same region. 



3 RESULTS 

3.1 Radio continuum results 

The 20-cm radio continuum image of G290. 1-0.8 and the 
surrounding complex region is shown in Figure 1. The SNR 
shows considerable internal structure. The high resolution 
and sensitivity achieved with the present observations re- 
veal a network of filaments across the face of the remnant. 
The sharp southern and northern edges of the SNR are re- 
markably straight, suggesting that the shock front may have 
encountered a plane parallel density gradient. There is some 
evidence for a 'blow-out' of material towards the NW and 
SE. The NW 'blow-out' ends in a fringe with faint threads 
oriented in the direction of the major axis of the SNR, while 
the other bulge ends in a thin, very faint tail ^ 4' long ex- 
tending to the south. This weak tail is also seen in the 843 
MHz image (Whiteoak & Green 1996). The flux density of 
G290. 1-0.8 is estimated to be 25 Jy, which is about 40% 
lower than the predicted value based on measurements in 
other frequencies. 

Although this SNR has been classified as shell type. 



there is no evidence of shell structure in the 20-cm radio con- 
tinuum image (Fig. 1) except for a bright arc at the western 
rim. To show this, we plot in Figure 2 the intensity along two 
cuts across the remnant. The directions of the cuts (NE-SW 
and N-S) are shown in Fig. 1. Both cuts show the profiles 
of multiple narrow filaments, perhaps evidence of internal 
shocks. 

The seven strongest compact sources in the field (all 
with flux densities ^ 30 mJy beam~^) are labelled A-G in 
Fig. 1. Source H is a bright patch of emission projected onto 
the southern rim of the SNR. Its possible association with 
the remnant is discussed below. Sources B and D are both as- 
sociated with extended continuum emission with total flux 
densities of 1050 and 100 mJy, respectively. The parame- 
ters for these sources are listed in Table 1. The first column 
corresponds to the label as given in Fig. 1. Some of these 
sources have been identified in SIMBAD, and we have in- 
cluded these identifications in the second column of Table 1. 
To compute the coordinates (third and fourth columns) and 
flux density at 20-cm (fifth column), the sources have been 
fitted with two-dimensional Gaussians. For double sources 
(see discussion below) , the coordinates of the brightest com- 
ponent derived using the high resolution image are listed. 
The sixth column gives the computed spectral index. The 
last two entries (systemic velocity and kinematical distance) 
are discussed in Section 3.2. 

To compute the spectral indices, we used an 843 MHz 
radio continuum image (HPBW of 52" x 45") obtained 
from the Sydney University Molonglo Sky Survey (SUMSS; 
iBock. Large Sadie Jl99dh . The ATCA 20-cm radio contin- 
uum image was convolved to the same resolution as the Mo- 
longlo image, and fluxes at both frequencies were compared 
in such a way that the slope between the m gives a measure 
of the spectral index (jTurtle et a l."l962^. The method re- 
quires that the two im ages to be compared are filtered for 
the same u-v coverage (Gae nsler et al.lil999f) . Although this 
condition was not rigorously fulfilled here, the method may 
be used to give a good approximation for structures smaller 
than a few arcmin. 

The high resolution image reveals that several of these 
sources are extended or double. Source A shows a secondary 
peak more than 3 beams to the north of the brightest com- 
ponent, with a flux lower by a factor of >2. Source B is 
resolved, and only 18" away from its centre there appears 
a secondary source one order of magnitude fainter. Source 
C is resolved into two extended components separated by 
~ 45", one of them being 4 times brighter that the other. 
Source H appears as a faint filament of size ^ 16" x 4" pro- 
jected against the SNR. The two pulsars in the area were 
both detected. PSR J 1104-6 103 's posit ion is consistent with 
timing observations (|KasDi et al.lll99d) . There is a 4cr detec- 
tion of the second pulsar, PSR Jl 105-6107. 

We have also examined the 8.3 /xm infrared image from 
the Midcourse Space Experiment (MSX)^, shown overlaid 
onto our radio continuum image of G290. 1-0.8 in Figure 3. 
A few infrared point sources can be seen within the outer- 
most contour of the SNR. The strongest of these (G290.1423- 
00.7577 in the MSX6C catalogue, or IRAS 11010-6038) is 
the infrared counterpart of the variable star dubbed as HD 
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offset offset 

Figure 2. Two cuts across SNR G290. 1-0.8 in the directions shown in Fig. 1 {NE-SW\n the left frame and N-S in the right). The flux 
density is given in mjy beam~^, while the offsets are in arcsec and are referred to the central position in each cut. 



Table 1. Parameters of the compact sources near SNR G290. 1-0.8 



Source 


Identiflcation 


Right 
Ascension 
(J2000) 


Declination 
(J2000) 


Flux 


Spectral 
index 


Systemic 
velocity 


Kinematical 
distance 






h m s 


o / // 


(mJy) 




(km s-i) 


(kpc) 


A 




11 04 55 


-60 45 58 


77 


-l.liO.l 


> ±77 


> 14 


B 


G289.8-0.8, 
IRAS 10588-6030, 
[CH87] 289.878-0.792, 
MSH ll-6iB 


11 00 59 


-60 50 23 


507 


0.63 ±0.08 


(±20 , ±28) 


(7.7 , 8.4) 


C 




11 04 39 


-61 09 27 


337 


-0.85 ±0.10 


> ±115 


> 20 


D 


G289.95-0.89, 
IRAS 10591-6040 


11 01 11 


-60 56 49 


82 


0.0 ±0.1 


(±31.5 , ±70) 


(8.8 , 13) 


E 




11 01 34 


-60 53 08 


35 


-0.6 ±0.2 


> ±75 


> 13 


F 




11 01 58 


-60 56 50 


57 


0.5 ±0.1 


> ±80 


> 14 


G 




11 01 41 


-60 46 45 


27 


-0.7 ±0.1 


> ±75 


> 13 


H 


MSX G290.2181-00.8153, 
IRAS 11014-6044 


11 03 28 


-60 59 33 


40 


-0.4 ±0.3 


> ±80 


> 14 



95950 or VO 528 Car, with a spectral type M2Iab. Source 
H lies slightly off-center (by ~ 5^^) from an IR source cata- 
logued as MSX G290.2181-00.8153 and IRAS 11014-6044. 
The faint protrusion to the south of the SNR near H (see 
also Fig. 1), is found to be another unresolved source coinci- 
dent with the infrared sources G290.2292-00.8311 (MSX6C 
catalogue) and IRAS 11014-6044. 

3.2 Hi results 

The tangent point at / = 290° is located at a distance 
of 2.9 kpc. Accord ing to the Galactic rotation model of 
iFich. Blitz StarkI il989), there should be no Hi gas with 
velocities more negative than —12 k m s~^. However, we ob - 
serve Hi emission to -30 km s~^. Ijohnston et al.1 (Il99(tl 
also detect departures in velocity from the Galactic rota- 



tion model of up to 20 km s~^ in this direction. The Carina 
spiral arm lies virtually along the l ine of sight at this lon- 
gitude (iGeorgelin Georgelinlll97(J) . substantially affecting 
the gas velocities in this part of the Galaxy. 

3.2.1 Compact sources 

Spectra towards all sources (A - H) were obtained in both 
cubes in order to compare H i emission and absorption. All 
profiles are displayed in Figure 4. The name of each source 
and their Galactic coordinates are indicated at the top of 
the H I emission profile, while the corresponding absorption 
profile is shown below. A brief description follows of the 
spectra for each of the sources. 

Source A shows strong absorption up to ±77 km s""*^, 
coincident with the most positive velocity emission fea- 



HI and radio continuum of G290.1-0.8 5 



TiBt g-Q T Z Z n^t Q'O T 2 6 




OOT 09 T 90 OOT 09 T 90 

(X) ajn^^Bjadmaj, oi/l (x) sJn^^Bjadmaj, oi/l 



Figure 4. Hi brightness temperature profiles {top) and absorption spectra {bottom) towards the compact sources in the field. The Hi 
profiles, in K, are from the cube that combines Parkes and ATCA data. The absorption spectra and the corresponding emission profile, 
were computed as described in the text. In the absorption spectra, the vertical axis shows the ratio between the intensities at each 
velocity channel and the continuum (I/Iq, or ^~^) on the left and as opacity, r on the right. All profiles were Hanning-smoothed. The 
name of each source and their Galactic coordinates are indicated at the top of each Hi profile. The two horizontal lines close to I/Iq = 1 
show the 1<T noise level for each absorption profile. All velocities are with respect to the LSR. 
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Figure 3. MSX infrared emission towards SNR G290. 1-0.8 at 8.3 
/im in grayscale with 20-cm radio continuum contours overlaid. 
The grayscale, in units of 10~^ W/m^ sr, is indicated at the top 
of the image. The contour levels range from to 70 mjy beam"-*^, 
in steps of 10 mJy beam"-*^. For clarity, white contours are used 
over dark greyscale background (e.g., sources B, D, H, and IRAS 
11010-6038 at the centre of the SNR). Source H (see Fig. 1) is 
indicated with an arrow. Labels have been included for sources A, 
C, E, F, and G to avoid confusion between black radio contours 
and MSX emission. 



ture, which implies a lower distance limit of 14 kpc. The 
steep spectral index indicates an extragalactic origin for this 



Source B, named G289.9-0.8 by "Shaver & Goss" (igTOb") 
and also known as MSH ll-6iB, shows strong absorption 
through all negative velocities and at +20 km s~^. We assign 
source B a lower distance limit of 7.7 kpc and an upper limit 
of 8.4 kpc, the latter corresponding to +28 km s~^, which 
is the first emission featur e with no associated absorption. 
[Bronfman, Nyman <^ ^^Q) classify this source as an 
ultracompact H II region based on the detection of the CS 1-0 
line at about +20 km s~^. The extended source possibly as- 
sociated with source B is very faint at 20-cm, which makes an 
absorption study difficult. From the Hi data it is not possi- 
ble to establish a physical link between the compact source B 
and the extended emission. The spectral index of the diffuse 
emission to the north of source B is 0.0 ±0.1, typical of H ii 
regions, while the spectral index of source B is +0.63 + 0.08, 
which is expected for stars with an ionized, uniform, sph er- 
ically symmetric mass loss flow (IWright Barlowlll974D . 

Source C, shown as G290.4-0.9 on early radio images, 
shows strong absorption features to +115 km s~^. This is 
the only source to clearly show absorption at such a high 
velocity. However, the brightness temperatures for the other 
sources in Table 1 are lower and any high velocity absorp- 
tion may be lost in the noise. The high resolution image 
which shows that the source is a compact double and the 
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Figure 5. 20-cm radio continuum image of SNR G290. 1-0.8 con- 
structed by averaging several line free channels of the filtered H I 
cube. Greyscale shows the filtered intensity remaining after pixels 
below 5cr were blanked. The noise level is 3 mJy beam"-*^. Boxes 
indicate the regions where Hi absorption spectra are computed 
(south and west). The location of sources F and H are also indi- 
cated. A 20-cm radio contour at 1 mJy beam"-*^ is included. 



steep spectral index strongly indicate that the source is ex- 
tragalactic. 

Sources D, E and F are all located within 6 arcmin 
of each other. The emission spectra in the direction of 
these sources are similar and yet D (the strongest of the 
3 sources) shows a rather different absorption spectrum. 
Sources E and F clearly show absorption to +33 km s~^ and 
again against the emission feature near +70 km s~^, which 
implies lower distance limits of approximately 13 and 14 
kpc respectively. In contrast, source D shows no evidence 
for absorption against the +70 km s~^ feature and is 
therefore likely to be a Galactic source. The lower dis- 
tance limit to D is 8.8 kpc, based on the absorption fea- 
ture at +31.5 km s~^. Furthermore, it appears to be re- 
solved in the visibilities measured for the longest base- 
lines, recording only 25% of the total intensity. Source D 
also has strong infrared emission a nd is coincident with 
a wat er- vapor maser (.Scalise. Rodriguez Mendoza- Torres! 
119891) located 8.9 kpc away, derived from a systemic ve- 
locity _of_^^^^F^3_^m_s^J_^om CS and C^^S observations 
(Zinc henko. Mattila Torisevai ri995). 

Source G is the weakest point source listed. Its absorp- 
tion spectrum is rather noisy and difficult to interpret. There 
appears to be absorption out to +75 km s~^, implying a 
lower distance limit of 13 kpc. Finally, source H clearly 
shows absorption to +80 km s~^, which sets a lower limit 
of 14 kpc for the distance. The range of possible velocities 
for each source according to the discussion above, and the 
derived distances, are summarized in the last two columns 
of Table 1. 
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Figure 6. Upper frame: average H I emission profile towards SNR 
G290. 1-0.8. Lower frames: Hi absorption spectra towards two 
regions, to the south and to the west, as shown by the boxes in 
Fig. 5. The envelopes indicate 5a uncertainties. 



3.2.2 Supernova remnant 

To determine the kinematical distance to G290. 1-0.8, we 
analyzed absorption profiles towards different regions of the 
SNR, using the procedure described in Section 2.2. Pixels 
below 5cr, where a = 3 mJy beam~^, have been blanked. 
For each absorption spectrum, we produced 5cr envelopes to 
determine which features were significant. This method also 
filters out smooth scale continuum emission. From Figure 5, 
where the resulting filtered continuum image is shown, it is 
seen that there are not many areas of the SNR where there 
is an opportunity to prepare absorption spectra using this 
method. 

In Figure 6, the two most convincing absorption profiles 
are displayed, towards the south and the west of the SNR 
(shown with boxes in Fig. 5). An average Hi emission spec- 
trum towards the whole area subtended by the SNR is in- 
cluded. The two absorption profiles look quite different: the 
western spectrum shows no absorption beyond about +20 
km s~^, while the southern spectrum shows no absorption 
beyond about +7 km s~^. 

The interpretation of these Hi spectra, particularly 
with respect to estimating the distance to the SNR, is com- 
plicated and described in the next section. 



4 DISCUSSION 

A visual inspection of the Hi data cube shows that SNR 
G290. 1-0.8 is seen unambiguously in absorption for veloc- 
ities from -30 to approximately +7 km s~^. Beyond this 
velocity the picture is not clear. 

Figure 7 shows images at 12 velocity channels from the 
H I cube to demonstrate the complexity of the structures and 
illustrate the difficulty in determining the systemic velocity 
for this SNR. Hi absorption is clearly seen against most of 
the remnant out to velocities of about +7 km s~^. The first 
channels displayed in Fig. 7 clearly show an "H i shadow" 
within the outer contours of the radio continuum emission. 
We note that the H i emission and absorption across the face 
of the remnant vary substantially, with absorption structure 
that often does not correlate well with the continuum inten- 
sity peaks. Beyond about +7 km s~^ there is no obvious 
"Hi shadow" at the position of the remnant, partly due to 
diminished Hi emission at velocities up to about +14 km 
s~^. A slight drop in Hi emission at the western edge of the 
remnant, at velocities around 18-20 km s~^, is difficult to 
interpret, but most likely not due to absorption. In contrast, 
H I absorption against the very bright radio continuum emis- 
sion of source B is clearly seen out to about +24 km s~^. 

The Hi spectrum against the western rim (Figure 6) 
shows a local minimum at +20 kms"\ This is one of several 
features which are marginally above the 5cr detection limit. 
The feature does not appear in the Hi spectrum against 
the southern rim. It is not possible to determine conclu- 
sively from the present data if this feature is associated with 
absorption by the SNR. If this velocity does represent the 
systemic velocity of the remnant, it would correspond to a 
distance of 7.7 ± 0.7 kpc. 

Another anomaly complicating the interpretation of 
G290. 1-0.8 concerns the bright compact source H which is 
located within the SNR rim. A comparison with the clearly 
unrelated source F is helpful. Both sources are shown in Fig- 
ure 5. Inspection of the two absorption spectra (Figure 4) 
shows obvious similarities, with strong positive velocity fea- 
tures at +33 km s~^ and +70 km s~^, indicating distances 
beyond the solar circle of more than 14 kpc. Source H also 
appears to have an infrared counterpart, catalogued in both 
the IRAS (11014-6044) and MSX (G290.2181-00.8153) sur- 
veys. Furthermore, the weak finger of continuum emission 
extending from source H, outside the SNR rim, also has an 
MSX source at the same position. Hence, it seems most likely 
that source H is unrelated to the SNR and the shock heated 
dust model to explain the IRAS spectrum (jjunkes et al.l 
Il992f) has an origin not related to the formation of the SNR. 

A common problem when studying H i absorption 
against a continuum source is confusion with self-absorption 
against the H i background. This happens when the optical 
depth along the line of sight is high and the phenomenon 
is typically seen as narrow features indicating the presence 
of small, cold clouds. For a small scale object, an interfer- 
ometer observes a b rightness temperature Ty = Ts — pTg 
("Schwarz et al.'*1995), where Ts is the Hi spin temperature, 
Tg is the background H i emission and p is the fraction of ab- 
sorbed H I. To test the nature of th e observed abso r ption , we 
followed the method employed bv lSchwarz et all (|l995l) to 
determine the distance to Tycho's SNR: we plotted the min- 
imum H I value per channel in the unfiltered interferometric 
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RA (J2000) RA (J2000) RA (J2000) 

Figure 7. Hi channel maps (greyscale) of the ATCA + SGPS combined data cube covering SNR G290. 1-0.8 and source B over the 
velocity range from +3.6 to +21.8 km s"-*^, overlaid on the smoothed 20-cm radio continuum map (contours). The contour levels are 
30, 70, 110, 150, 190, 230 mJy beam"!. The greyscale ranges from 40 K (dark) to 100 K (bright). The beam (59'' x 45'', P.A.= -86°) 
is displayed in the bottom left corner of each panel. For display purposes we chose a channel width of 1.65 km s"-*^, twice the original 
width. The H I velocities are indicated at the top left corner of each panel. 



cube towards the whole area subtended by G290. 1-0.8, and 
towards regions away from the SNR in the four directions, 
north, south, east and west, all covering the same area. If fea- 
tures are similar on- and off-source, then self-absorption may 
be the explanation. The spectra are shown in Figure 8. Clear 
absorption against the continuum emission from G290. 1-0.8 
is not found much beyond +7 km s~^. The possibility of 
the +20 km s~^ feature being associated with the SNR is 
discussed previously. From Figure 8, we can deduce that 
absorption is definitely associated out to +7 km s~^, by ob- 
serving the large differences between the SNR spectrum and 
the other spectra. For more positive velocities we again see 
inconsistent results. Adopting a value of +7 km s~^ for the 
systemic velocity, the corresponding distance is about 7 it 1 



kpc, using the Fich et al. (1989) model for Galactic rotation. 
Note that the distance derived previously for +20 km s~^ is 
not greatly different from our proposed estimate and likely 
to be consistent within the uncertainties of the model and 
expected peculiar velocities. 

While the centrally peaked X-ray source is located near 
the central bright filament of the SNR, the distance estimate 
from the X-ray data of 8 - 11 kpc is not sufficiently well- 
constrained to help us determine the velocity range of fea- 
tures that are associated with absorption by the SNR. The 
column density measured by integrating the Hi from the 
most negative velocity to the highest related positive veloc- 
ity (taken as +10 km s~^) is Nh = 4.5 x 10^^ c m~^, which 
is not inconsistent with the value estimated bv lSlane et al.l 
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Figure 8. Spectra of the minima in the Hi data as measured 
on the unfiltered ATCA data cube towards five regions of similar 
area: one over SNR G290. 1-0.8, and four over the surroundings. 

(|2Qq3) of 1.3 X 10^^ cm~^, given the uncertainties. The val- 
ues would be even closer if the velocity of +20 km s~^ is 
adopted as the systemic velocity. 

On balance, it seems likely that the systemic velocity is 
close to +10 k m s~^, which i s in good agreement with the 
Ha result from iRosado et all (1996) of +12 km s-\ corre- 
sponding to a kinematic distance of ^ 7 kpc. This places the 
SNR in the Carina arm with a linear diameter of about 25 pc 
at a scale-height of nearly 100 pc, which are consistent with 
parameters for the known SNR population. The results from 
this work do present a consistent picture, notwithstanding 
the difficulty in interpreting the highly complex structure 
seen in H i data, which can be due not only to absorption by 
continuum sources, but real density variations, turbulence 
and velocity structure and self-absorption by cold clouds in 
the ISM. 

The surface brightness of G290. 1-0.8 is - 3.5 x 10"^° 
m~^ Hz~^ sr~^. Statistically, high surface brightness 
SNRs (above 1 x 10"^° m"^ Hz"^ sr"^) are strongly 
concentrated around / = 0°, but there is another peak at / = 
290° ( Green 2004). If this secondary peak is due to the fact 
that in this direction the Carina arm is crossed tangentially, 
and there is a concentration of high surface brightness SNRs 
in this arm, then it is very probably that G290. 1-0.8 also 
belongs to the Carina arm. This is supporting evidence that 
G290. 1-0.8 is at a distance of 7 kpc (systemic velocity ^ +10 
km s""*^). 



5 CONCLUSIONS 

We have imaged the SNR G290. 1-0.8 in both the radio con- 
tinuum and the 21-cm Hi line using the ATCA. To recover 
the shortest spatial frequencies, our Hi observations were 
combined with SGPS data (McClure-Griffiths et al. 2005). 
Absorption was analyzed by filtering the Hi data, keeping 
only the highest spatial frequencies (above 1.1 kA). 

In the 20-cm radio continuum image, G290. 1-0.8 shows 
filamentary emission with little evidence of shell structure, 
although this SNR is classified as a shell-type. The northern 



and southern edges of this SNR are remarkably straight, sug- 
gesting that the shock front may have encountered a plane 
parallel density gradient. However, no emission features with 
similar morphology were found in the H I cube at any veloc- 
ity likely to be associated with G290. 1-0.8. 

The H I in this direction is very complex since the line 
of sight cuts tangentially through the Carina spiral arm. 
Departures in velocity of 20 km s~^ with respect to circu- 
lar rotation model are common. To resolve the problem of 
the kinematic distance to G290. 1-0.8, we made various tests 
and conclude that the upper limit of the systemic velocity 
is about +7 km s~^, also in good agreement with the result 
obtained from Ha data fRo sado et Zlll99(t) . This velocity 
is translated into a distance of 7 ± 1 kpc, in good agree- 
ment with the low er limit inferred from X-rays ASCA data 
(|siaieeraO|20o3). 

Additionally, we studied eight radio sources in the field, 
including a compact knot in the southern rim of G290. 1-0.8 
which is probably an unrelated source. A high resolution im- 
age constructed using only the baselines involving the 6th 
ATCA antenna (baselines from 2.6 to 5 km) revealed that 
some of these sources are close doubles. Spectral indices were 
computed using the flux-flux method combining our obser- 
vations with data from the SUMSS at 843 MHz. Distance 
Umits were derived for all these sources based on their ab- 
sorption spectra. 
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